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Abstract 28 
One of the uses of ultrasound in dentistry is in the field of endodontics (i.e. root canal 29 
treatment) in order to enhance cleaning efficiency during the treatment. The acoustic 30 
pressures generated by the oscillation of files in narrow channels has been calculated using 31 
the COMSOL simulation package. Acoustic pressures in excess of the cavitation threshold 32 
can be generated and higher values were found in narrower channels. This parallels 33 
experimental observations of sonochemiluminescence. The effect of varying the channel 34 
width and length and the dimensions and shape of the file are reported. As well as explaining 35 
experimental observations, the work provides a basis for the further development and 36 
optimisation of the design of endosonic files.   37 
 38 
Keywords: endodontic, cleaning, acoustic pressure, cavitation, COMSOL. 39 
 40 
 41 
Highlights: 42 
 Acoustic pressure generated is affected by the working volume. 43 
 Endosonic files were able to generate high acoustic pressures in a confined space. 44 
 The acoustic pressure generated contributes to the production of cavitation. 45 
 Decrease in size of the root canal model causes an increase in acoustic pressure. 46 
 47 
  48 
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Nomenclature 49 
SCL sonochemiluminescence 50 
d diameter of the endosonic file, mm 51 
l  length of the endosonic file, mm 52 
D diameter of the root canal model, mm 53 
L length of the root canal model, mm 54 
PUS ultrasonic power, W 55 
I ultrasonic intensity, W m
-2
 56 
A area, m
2
 57 
R radius of the endosonic file, mm 58 
po acoustic pressure amplitude, Pa 59 
ρ density, kg m-3 60 
c speed of sound, m s
-1
 61 
t time, s 62 
P acoustic pressure, Pa 63 
r spatial variable (r = [x,y,z]) 64 
ω angular frequency, rad s-1 65 
κ wave number (κ = ω/c) 66 
h stepsize 67 
n normal vector 68 
Z  acoustic impedance, Rayl 69 
PMMA polymethylmethacrylate 70 
x distance from ultrasonic source, m 71 
TL transmission loss, dB 72 
Rc reflective coefficient 73 
Tc transmission coefficient 74 
 75 
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 76 
1. Introduction 77 
Acoustic cavitation is a well-known phenomenon in the field of ultrasound [1]. It can 78 
increase mixing and fluid motion in a system, form reactive intermediates which accelerate 79 
chemical reactions and aid in cleaning processes [2, 3]. Ultrasound is used in dentistry to aid 80 
in cleaning. One of the most common applications of power ultrasound in dentistry is in 81 
periodontics where ultrasound with frequencies of 20 – 40 kHz is used in dental descalers to 82 
remove dental debris and plaque around the teeth and gums [4]. Apart from the mechanical 83 
cleaning effects, recent studies have shown that cavitation can be produced in water around 84 
the descalers [5], and the amount of cavitation and its distribution around the instrument has a 85 
strong correlation with the shape and design of the tip [6-8].  86 
Another application of ultrasound in dentistry is in endodontics (root canal treatment). 87 
Here, ultrasound is applied to a narrow file which is placed within the root canal to improve 88 
the dissolution and removal of infected tissues and abscess from an infected root canal [9]. A 89 
number of researchers have shown that ultrasonically assisted irrigation improves the 90 
cleaning efficiency in root canal treatments [10-12]. Some argued that this was due to 91 
enhanced acoustic streaming [13-15] while others suggested that it could be due to the 92 
physical effects caused by cavitation [5, 8]. The oscillation profiles of endosonic files (i.e. 93 
files used during endodontic treatments that involve ultrasonic vibrations) have been 94 
measured to investigate correlations between the oscillation profiles and the cleaning 95 
effectiveness [16, 17]. The areas of cavitation activity around the instruments were assessed 96 
by the detection of sonochemiluminescence (SCL). Although it was reported that SCL tended 97 
to appear around the vibration antinodes of the oscillating files, there was no clear relation 98 
between the vibration amplitudes and the SCL emission [5, 6]. Furthermore, it was also 99 
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reported that there was no correlation between the lengths of the endosonic files and the 100 
oscillation profiles [18].  101 
Macedo and co-workers recently suggested that the production of SCL was greatly 102 
increased when an endosonic file was operated in a human-sized root canal model as 103 
compared with in a cuvette of 10 mm wide and claimed that it was due to higher acoustic 104 
intensities formed in a confined system [19]. Production of cavitation potentially plays an 105 
important role in root canal cleaning. The production of stable cavitation may enhance 106 
streaming and mixing in the canal [20, 21], while transient cavitation produces microjets [22] 107 
and radicals [23] upon collapse. Given this potential importance of acoustic cavitation in 108 
endodontics, there is a need for detailed information with which to optimize the operating 109 
parameters for endodontic instruments. In this work, we report computational simulation of 110 
the acoustic pressure generated by endosonic instruments with the aim of predicting the 111 
occurrence of cavitation since it will occur when the acoustic pressure exceeds a threshold 112 
value [1]. 113 
Several ultrasonic systems have been studied using computational modelling approaches 114 
such as computational fluid dynamics on the fluid flow of an ultrasonic system [24, 25] and 115 
finite element analyses to predict acoustic pressure fields [26-28]. The latter was shown to 116 
give results close to the experimental sonication systems. It was used to predict optimized 117 
conditions as it was found that slight changes in geometry of the sonicating system will 118 
significantly affect the acoustic pressure fields generated [28]. Studies on fluid dynamics for 119 
dental ultrasonic systems [29, 30] have been published although there is no clear data on the 120 
acoustic pressure fields around ultrasonically driven endosonic systems under different 121 
operating conditions. 122 
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This paper aims to provide insight into the acoustic pressures generated using a 123 
computational modelling approach. In this study, the effects of power supplied, dimensions 124 
of root canal model and the dimensions of the endosonic files were examined in order to 125 
provide information of the operating conditions for different root canal dimensions with 126 
endosonic files used in clinical practice. 127 
 128 
2. Materials and Methodology 129 
2.1 Endosonic Files 130 
The dimensions of the endosonic files used in the models were based on the 131 
dimensions of a standard K-file #10, #15, #20 and #25 (Endosonor, Maillefer, Dentsply) 132 
which are 15 mm long and have diameters (d) of 0.10, 0.15, 0.20 and 0.25 mm respectively. 133 
In clinical use, these endosonic files operate on a MiniPiezon ultrasound generator (EMS, 134 
Nyon, Switzerland) at a driving frequency of 30 kHz [17].  Figure 1 illustrates a standard K-135 
file attached to a piezoelectric hand piece. 136 
 137 
Figure 1: A standard endodontic K-file attached to a piezoelectic hand piece operating at 30 kHz. Inset: A K-file 138 
with a working length of 15 mm and diameter of 0.20 mm. 139 
 140 
2.2 COMSOL Simulation Procedures 141 
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All simulations were performed using the pressure acoustics frequency domain in 142 
COMSOL Multiphysics 4.3. Simulations were performed using water as the medium in the 143 
model. 144 
 145 
2.2.1   Dimensions of the root canal model 146 
Root canals in teeth are complex structures with many channels leading from the main 147 
canal. As an initial attempt to develop a model, the root canals were simulated, as shown in 148 
Figure 2, as three dimensional cylinders with diameters (D) of 0.8, 1.0, and 2.0 mm; and 149 
lengths (L) of 18, 20, 22, 24 and 26 mm, corresponding to the size ranges of actual root 150 
canals [31, 32]. Models with cylinders of 5 mm and 10 mm diameters were studied to 151 
simulate operation of the endosonic files in a large working volume. The K files were 152 
represented as cylinders with dimensions described in Section 2.1, the surfaces of which 153 
acted as the acoustic emitters. 154 
 155 
Figure 2: Represention of an endosonic file in a cylindrical root canal model. The dimensions of the endosonic 156 
file are defined by the diameter, d and length, l; the dimensions of the root canal model are denoted by the 157 
diameter, D and length, L.  158 
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 159 
2.2.2 Calculation of Pressure Amplitude 160 
The power dissipated into the system, PUS, was measured by calorimetry [33, 34] and 161 
was found to be in the range of 1 – 6 W for the systems here. The acoustic intensity, I, is 162 
obtained from Eq (1): 163 
A
P
I US   (1) 164 
where A = 2πRl and is the emitting surface area of the endosonic file with R and l as the 165 
radius and length respectively. The acoustic pressure amplitude, po (r), was calculated from 166 
Eq (2): 167 
c
rp
rI o
2
)(
)(
2
   (2) 168 
Upon rearranging, gives: 169 
A
cP
rp USo
2
)(   (3) 170 
where r is the spatial variable (r = [x,y,z]) ρ is the density of the medium and c is the sound 171 
velocity in the medium. 172 
 173 
2.2.3 Acoustic Pressure Simulation 174 
The acoustic pressure of the system can be obtained by solving the wave equation in 175 
COMSOL Multiphysics 4.3. Here, it is assumed that the system operates with linear wave 176 
propagation where shear stress is neglected [28]. The wave equation has the form 177 
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where the pressure, P, is considered time harmonic. 179 
P(R,t) = p(R)e
iωt
 (5) 180 
where ω is the angular frequency. This simplifies to the Helmholtz equation 181 
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 (6) 182 
The Helmholtz equation can be solved by a variety of numerical methods [26, 28, 35] when 183 
suitable boundary conditions are applied. The accuracy of the simulation is subjected to a 184 
natural rule of adjustment where   185 
κ ∙ h = constant (7) 186 
with the  wave number, κ = ω/c. The stepsize, h, of the numerical solution method [36] is 187 
adjustment by changing the number of elements in the finite element model or by using small 188 
meshes to increase the resolution to decrease the pollution effect in the model [37]. The mesh 189 
generation used for this work was a predefined tetrahedral mesh with improved resolution at 190 
the curvatures, totalling up to 60981 elements and 90170 number of degree of freedoms, for a 191 
system of 1 mm diameter and 20 mm length. The simulated results were validated by 192 
gradually increasing the mesh numbers until negligible effect was obtained from the solution 193 
generated. Figure 3 illustrates the generated mesh with extra-fine grids generated along the 194 
endosonic files.  195 
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 196 
Figure 3: Tetrahedral mesh generated around the endosonic file and the root canal model for finite element 197 
analysis for COMSOL modelling. This sums up to a total of 104956 elements for this particular model. 198 
 199 
2.2.4 Boundary Conditions 200 
The boundary conditions of the model used were: 201 
(i) The edges of the endosonic file as hard wall boundaries, assuming p = po and 
n
p


202 
= 0, where p is the acoustic pressure and n is the normal vector to the boundary 203 
surface.  204 
(ii) The air-water interface as a soft boundary where p = 0, indicating total reflection 205 
of ultrasound. 206 
(iii) The walls of the root canal model as material with the acoustic properties of 207 
dentin, having an acoustic impedance (Z) of 7.8 MRayl [38].  208 
 209 
2.2.1 Validation of Simulation 210 
11 
 
A series of proof – of – principle simulations were performed as described elsewhere 211 
[39] by simulating results on a 20 kHz ultrasonic horn system which were compared with 212 
experimental results [27, 28]. 213 
 214 
3. Results and Discussion 215 
3.1 Effects of Output Power 216 
Figure 4 illustrates the simulated acoustic pressure fields generated around a vibrating 217 
file with dimensions of 0.25 mm (d) × 15 mm (l) contained in a cylinder of 1 mm (D) × 20 218 
mm (L) at an output power of 6W. Regions of high acoustic pressure are illustrated in red and 219 
low acoustic pressures are in blue. The areas of highest acoustic pressure are around the mid-220 
length of the file, suggesting this to be where the highest tendency for cavitation to occur.  221 
 222 
Figure 4: Acoustic pressure fields generated along the y-z field for an endosonic file (0.25 mm, d × 15 mm, l) in 223 
a root canal model (1 mm, D × 20 mm, L) ranging from -0.4 to 1.3 MPa for an endosonic file with power output 224 
of 6W. 225 
 226 
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Table 1 collates reported values of the threshold acoustic pressure needed to generate 227 
cavitation in water. Generally, the acoustic pressure threshold ranges from 0.1 MPa for 100 % 228 
air saturated water to 20 MPa for 0.1 % of air saturation in a reactor [40]. It was reported that 229 
cavitation threshold lies in the range of approximately 1.4 MPa in a polymethyl methacrylate 230 
(PMMA) microchannel of 3 mm diameter [41]. A similar magnitude of the cavitation 231 
threshold has been reported in human tissue in lithotripsy [42]. The cavitation threshold 232 
pressures depend strongly on differences in operating frequency and the types of reactors 233 
used. In general, an acoustic pressure of approximately 1.4 – 1.5 MPa is required to generate 234 
cavitation in a confined space, though care must be taken that this can vary with different 235 
operating dimensions, frequency and intensity. 236 
Figure 5 shows the variation of predicted maximum acoustic pressure fields that could 237 
be obtained within the root canal model environment as a function of output power. The 238 
values range from 0.5 MPa at 1 W to 1.3 MPa at 6 W. These values are comparable with the 239 
cavitation threshold so it can be deduced that it is possible that transient cavitation could 240 
occur when high powers are supplied to endosonic files. 241 
Table 1: Collated cavitation threshold pressures and acoustic reaction conditions of different systems. 242 
 243 
Figure 5: Maximum acoustic pressure generated within the root canal model at various power outputs for an 244 
endosonic file (0.25 mm, d × 15 mm, l) in a root canal model (1 mm, D × 20 mm, L). 245 
 246 
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3.2 Effects of the Size of the Root Canal Model 247 
The anatomy of real root canals is very complex and consists of many branched fine 248 
channels [31]. The bottom of the root canal is usually unreachable in endodontic practice [45]. 249 
Production of acoustic cavitation aids in the streaming [14, 15] of the irrigant inside an 250 
infected root canal and in its cleaning [5, 8]. Therefore, in order to evaluate the potential for 251 
cavitation to enhance root canal treatment, it is important to look at the change of the 252 
maximum acoustic pressure generated when the dimensions of the root canal vary. Figure 6 253 
illustrates the isobaric lines of acoustic pressure generated in a vessel of 10 mm diameter. 254 
These isobaric lines signifies a certain region of similar acoustic pressure generated around 255 
the model. The simulations show that there is an area of maximum acoustic pressure 256 
generated (in red) at the end of the endosonic file with the second highest acoustic pressure 257 
achieved around the middle of the file (in orange). These results can be compared with 258 
previous experimental measurements of the oscillations of the endosonic files of similar 259 
dimensions [17] which showed maximum oscillation amplitudes in these regions, showing 260 
the strong correlation between oscillation amplitude and the production of acoustic pressure 261 
in an ultrasonic system. It can also be seen some areas of high acoustic pressure are produced 262 
at the bottom of the vessel. This may be due to the reflection and constructive interference of 263 
the acoustic field. Nevertheless, based on the acoustic cavitation threshold pressure prediction 264 
of 1.4 MPa, it can be seen that the simulated pressures are lower so that it is unlikely that 265 
cavitation would be observed when the endosonic file is operated in a large volume of water.  266 
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 267 
Figure 6: Isobaric lines showing the acoustic pressure areas generated around a root canal model by an 268 
endosonic file (0.25 mm, d × 15 mm, l) operating at 6 W in a root canal model (10 mm, D × 20 mm, L).  269 
 270 
Decreasing the size of the container in which the file oscillates, simulating operation 271 
in a narrower root canal, results in significant increases in the in maximum acoustic pressure 272 
generated in the system. Figure 7 shows the effects of acoustic pressure with different root 273 
canal model diameters. It shows that the pressures change little in large containers but 274 
increase by up to ten-fold when the channel diameter becomes comparable with the file 275 
diameter. The results agree with those from the recent work of Macedo et al. [19], who have 276 
observed a significant rise in the emission of sonochemiluminescence (SCL) produced when 277 
the working volume was decreased – which serves as an indication of cavitation produced in 278 
high acoustic pressure regions. The intensity of ultrasound attenuates with distance [46] so 279 
decrease in acoustic pressure in a large working volume is to be expected. This is also 280 
supported by a study who had reported that cavitation occurs at higher intensities when it is in 281 
a confined space [41].  282 
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 283 
Figure 7: Maximum acoustic pressure generated in different root canal diameters by an endosonic file (0.25 mm, 284 
d × 15 mm, l) at powers 1W, 3W and 6W respectively. 285 
 286 
One observation of the report on the SCL produced with an endosonic file in a 287 
human-sized root canal models is that it forms uniform distribution of SCL in the entire root 288 
canal [19]. This phenomena is different from what was previously reported on SCL 289 
production in a bulk solution, where localized distribution were observed on certain areas 290 
along the endosonic files [6, 33]. Again, this can be explained by the acoustic pressure 291 
distribution in different volumes, as illustrated in Figure 8. From Figure 8(a), it can be seen 292 
that a large proportion of the area possess high enough acoustic pressure ( > 1.4 MPa) to 293 
generate cavitation in a small volume but not in a larger container as in Figure 8(b). This 294 
suggests that if cavitation were to occur in a large volume of water, it will be localized to 295 
areas close to the ultrasonic source.  296 
16 
 
 297 
Figure 8: Acoustic pressure fields generated by an endosonic file (0.25 mm, d × 15 mm, l) at 6W, in (a) 0.8 mm 298 
diameter, 20 mm length root canal model; and (b) 10 mm diameter, 20 mm length root canal model. 299 
 300 
It was reported that the acoustic pressure, po, formed from an ultrasound horn with 301 
radius r decreases with distance from the source, x, according to 302 
 xrxkpo  22
2
sin  (8) 303 
Equation 8 indicates a 95 % reduction in po, at a distance twice the horn radius [28]. However, 304 
the situation will be different for dental instruments since, whereas an ultrasonic horn vibrates 305 
in an up – down motion [47] while ultrasonically driven dental instruments vibrate in an 306 
irregular circular motion [48]. This complicates the calculation on the decrease in intensity in 307 
terms of distance from the ultrasonic source. Equation (9) can be used to obtain a quantitative 308 
measurement to account for the percentage of attenuation (or transmission loss, TL) [49] 309 









outUS
inUS
P
P
TL
,
,
10log10  (9) 310 
where PUS,in and PUS,out can be obtained by integrating  311 
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p
P oUS
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2
 (10) 312 
where po is the acoustic pressure, ρ is the density of the medium, c is the speed of sound in 313 
the medium and A is the area of the emitting surface. PUS,in is the ultrasonic power inlet, 314 
obtained based on the ultrasonic source – in this case is the endosonic file; while PUS,out is the 315 
power outlet, calculated based on the acoustic pressure at the walls of the root canal model  316 
[49]. Figure 9 shows the transmission loss when the endosonic files were operated in root 317 
canal models of different diameters and demonstrates that it is lower when the file is operated 318 
in a confined space . A significant increase in transmission loss can be seen from 7 dB to 10 319 
dB when the diameter increases from 0.8 to 2 mm and further increases occur at wider 320 
diameters, albeit to a smaller extent. The work demonstrates that, in a large working volume, 321 
the acoustic pressure generated in the surrounding fluid undergoes higher attenuation as it 322 
travels away from the ultrasonic source, generating a much lower total acoustic pressure in 323 
the liquid.   324 
 325 
Figure 9: Effects of canal diameter on transmission loss generated by an endosonic file (0.25 mm, d × 15 mm, l) 326 
in a root canal model of 20 mm length. 327 
 328 
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 Due to the acoustic impedance mismatch between water and the walls of the root 329 
canal model which are assumed to have the properties of dentin, when a sound wave from the 330 
endosonic file passes through water and hits the walls of the root canal model, it is partially 331 
reflected, causing a general increase in acoustic pressure fields in a confined area. The 332 
reflective (Rc) and transmission (Tc) coefficients of a longitudinal wave are given by 333 
2
12
12









ZZ
ZZ
Rc  (11) 334 
 212
124
ZZ
ZZ
Tc

  (12) 335 
where Z1 and Z2 are the acoustic impedances of the material where sound wave propagates 336 
from and travels into respectively. For this work, Rc = 0.46 and Tc = 0.54, suggesting that 337 
almost half of the sound energy will be reflected back into the water. Table 2 collates Rc 338 
values for different experiments conducted in a confined space. Higher impedance mismatch 339 
between water and the walls of the system results in higher reflective coefficient. Hence, it 340 
can be deduced that the cavitation threshold pressure for an endosonic file in a root canal 341 
could be lower than 1.4 MPa, seeing that almost half of the acoustic wave will be reflected 342 
back into the system.  343 
Table 2: Collated results of the acoustic impedance, cavitation threshold pressure and reflective coefficient of 344 
different systems conducted in a confined space. 345 
  346 
The effect of different root canal lengths on the maximum acoustic pressure generated 347 
was examined with the results in Figure 10. There is a small decrease in the maximum 348 
acoustic pressure generated in the liquid as the root canal model gets longer. This is not 349 
significant in narrow canals of 0.8 mm diameter where a standard deviation of 4 % was found. 350 
However, the differences become more apparent in wider channels of 1.0 and 2.0 mm 351 
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diameter, where decrement of 7 – 10 % in acoustic pressure was found when the diameter of 352 
the endosonic file increases from 18 to 22 mm, followed by a slight increment of  5 – 7 % for 353 
endosonic files of 22 – 26 mm length. The differences in acoustic pressure may be 354 
contributed by the reflection in acoustic pressure formed from the bottom of the vessel 355 
(Figure 6).  356 
Figure 11 illustrates the acoustic pressures generated along the length of the walls of 357 
the root canal model. The dashed lines give an indication of the cavitation threshold 1.4 MPa 358 
[40] both at the positive and negative sides of the acoustic pressure graph. Though cavitation 359 
does not occur at the positive acoustic cycle, however, note must be taken that this simulation 360 
is a time harmonic simulation. The nodal points of the sound source travelling along the 361 
endosonic file switches sides along with the acoustic cycle. A small shift in the acoustic 362 
pressure profile can be seen when the length of the root canal model increases, but this did 363 
not affect the areas of possible acoustic cavitation activity, which fell in the range of 364 
approximately 8 to 17 mm along the length of the root canal model. This also suggests that 365 
cavitation might be possible approximately 1 – 2 mm below the end of the endosonic file.  366 
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 367 
Figure 10: Maximum acoustic pressure generated by an endosonic file (0.25 mm, d × 15 mm, l) in a root canal 368 
model of different dimensions. 369 
21 
 
 370 
Figure 11: Effects of channel length on acoustic pressure generated using an endosonic file (0.25 mm, d × 15 371 
mm, l) at 6W in a channel with width 0.8 mm.  372 
 373 
Similar calculations of the transmission loss were performed based on Eq. (9) and (10) 374 
for different lengths of the root canal model. They showed that changing the length from 18 375 
to 26 mm does not have much effect much on the attenuation (Figure 12). This is correlated 376 
to the direction of travel of the wave since an endosonic file vibrates in the x and z directions 377 
but not the y direction [48] hence a greater effect of different diameters rather than the length 378 
of the root canal might be expected. 379 
3.3 Effects of the Shape and Size of the Endosonic Files 380 
 In practice, a real endosonic file is not a perfect cylindrical-shape but is more of a flat-381 
tipped cone with larger diameter at the top and narrower tip at the bottom. This study 382 
examined the significant differences in acoustic pressure generated by a cylindrical and a 383 
cone-shaped endosonic file under the same operating conditions.  384 
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 385 
Figure 12: Effect on canal length on transmission loss generated by an endosonic file of 0.25 mm diameter and 386 
15 mm length in a root canal model of 0.8 mm diameter. 387 
 388 
Figure 13 shows the maximum acoustic pressures are not significantly different for 389 
this change of shape for smaller file diameters but does become more apparent at larger 390 
diameters. There is also a trend of higher acoustic pressure generated with increasing file 391 
diameters. This further supports previous studies [6, 8, 33] on the lack of SCL production in 392 
thinner dental files due to insufficient surface area to generate the necessary high acoustic 393 
pressure fields in the system. 394 
 395 
Figure 13: Maximum acoustic pressure generated by 15 mm length cylindrical and cone shaped endosonic files 396 
with different diameters in a root canal model of 1 mm diameter and 20 mm length. 397 
 398 
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4. Conclusions 399 
The acoustic pressure fields generated by endosonic files with varying dimensions 400 
have been calculated using the COMSOL simulation package. It was found that maximum 401 
acoustic pressures of 1.3 MPa, in excess of the cavitation threshold, can be achieved in a 402 
confined system of 1 mm (D) × 20 mm (L) at an output power of 6 W, comparable with 403 
conditions used in clinical proactice. This indicates the possibility of the generation of 404 
cavitation at high power settings in a root canal model.  405 
Investigation on the effects of root canal model diameter and length showed that 406 
higher acoustic pressures were achieved in root canal models of smaller dimensions due to 407 
lower transmission losses in the system. Changing the root canal length did not significantly 408 
affect the maximum acoustic pressure generated, but it was observed that the highest acoustic 409 
pressures were generally generated at around 8 to 17 mm into the length of the root canal 410 
model. The difference between cone and cylindrical shaped endosonic files did not have an 411 
effect the acoustic pressure for narrow files but had a significant difference on file with 0.25 412 
mm diameter.  413 
This study has provided a good insight on acoustic pressure generation for dental 414 
endosonic instruments in a condition mimicking the root canal profile in a human’s tooth. 415 
The results obtained showed close correlation to those reported in the literature and serve as a 416 
good methodology for future optimization of ultrasonically driven dental instruments.  417 
 418 
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